This article analyzes the relationship between export competitiveness and investment in machinery, allowing for imperfect substitution between domestically produced and imported machinery. A translog export price function is estimated for developed, exportoriented developing, and import-substituting developing economies in a panel data setting. Between 1967 and 1990 imported machinery helped lower export prices for export-oriented developing economies. Moreover, throughout the period imported machinery was not a substitute for domestic machinery. Import-substituting developing economies were unable to harness imported machinery to reduce costs early in the period, but from about the early 1980s, with the opening of their trade regimes, they were able to benefit from the cost-reducing effect. The results imply that innovative effort based on imported technologies can be a precursor to the development of domestic innovation capabilities.
In this article we build on two recent lines of research: investment in equipment as a source of economic growth and imported goods as conduits for the international diffusion of technology. We combine these two themes to assess the effectiveness of imported machinery in increasing export competitiveness and thus in stimulating growth. 1 Underlining the importance of machinery in the development process, De Long and Summers (1991, 1992a, 1992b, 1993) find strong empirical support for a causal relationship between equipment investment and economic growth in a cross-section of developing and developed countries. In particular, they find that a 1% increase in the share of equipment investment in gross domestic product Ashoka Mody was at the World Bank when this paper was written and is presently in the Research Department at the International Monetary Fund; his e-mail address is amody@imf.org. Kamil Yilmaz is with Koç University, Istanbul, Turkey; his e-mail address is kyilmaz@ku.edu.tr. The authors gratefully acknowledge extensive comments from two referees and the editor. The views expressed here are those of the authors and should not be attributed either to the International Monetary Fund or the World Bank.
1. Several studies suggest that greater trade is associated with faster productivity growth (for example, Pack and Page 1994 , Srinivasan 1995 . However, Rodriguez and Rodrik (1999) and Rodrik (1999) are skeptical of such results when they are based on cross-sectional growth regressions. Srinivasan and Bhagwati (1999) express general concern about cross-sectional growth analyses and conclude that "nuanced and in-depth studies" of individual countries over a period of time provide the clearest evidence in favor of the beneficial effects of greater trade orientation.
(gdp) raises the gdp growth rate by 0.34%. 2 They infer that the domestic research and development (R&D) and learning activities associated with producing and installing equipment create generalized benefits for the economy.
The De Long-Summers results are also consistent with the possibility that the foreign knowledge embodied in imported equipment is of significant value to the economy buying the equipment. Studying the spillovers of knowledge across national boundaries, Coe and Helpman (1995) and Engelbrecht (1997) find that such international spillovers are mediated through imported goods: the greater the imports, the greater the benefit from the stock of foreign knowledge. Engelbrecht notes that these two articles do not distinguish between different types of imports; such a distinction is likely to be important because consumer goods, intermediate inputs, and equipment are likely to convey spillovers to differing degrees. Extending these earlier studies, Coe, Helpman, and Hoffmaister (1997) find that imported capital goods are critical conduits of international knowledge.
In this article we examine empirically the different efficiency of domestically produced and imported machinery. With information freely accessible to all there would be no difference in efficiency. In practice, however, information is not freely available. Even in the absence of formal protection of intellectual property rights, domestic producers can be at a disadvantage relative to international producers because knowledge is tacit (for a review of the economic and management literature on tacitness see, for example, Mody 1989) . As a consequence, domestic and imported machinery trigger different forms of learning in the domestic economy. Domestic production and installation of machinery may in some instances be associated with considerable innovative activity in a developing economy. More often, however, the domestic production of machines is associated with adaptive R&D-that is, tailoring foreign machinery to local requirements and upgrading domestic equipment of earlier vintages.
In contrast, imported machinery is bundled with "knowledge" in various forms: blueprints, installation support, quality control software, and services of trained engineers and supervisors. Absorbing knowledge through these means is less glamorous than developing or even adapting machines. However, because imported machinery forms a more comprehensive package, it can potentially lead to greater efficiency in the short run and stronger absorptive capacity in the long run. Imported machinery will also be more efficient because it is typically of newer vintage than domestically produced machinery. 3 2. In the traditional neoclassical model an increase in the investment rate raises output but has no long-run effect on growth rates. The endogenous growth literature identifies conditions under which increased investment has external effects and thus raises growth rates. De Long and Summers go further and find evidence that the external effects are strongest when the investment is in machinery rather than in buildings and structures.
3. Other mechanisms for knowledge transmission can also be important, including the provision of technical and marketing support by foreign buyers of exported goods in the context of long-term relationships (Westphal, Rhee, and Pursell 1981 , Egan and Mody 1992 , Mody and Yilmaz 1997 We use the country's trade regime to proxy the incentives to deploy knowledge (table 1) . Not all economies (or firms) are able to take advantage of bundled software and training or the greater efficiency built into the new vintages of imported machinery. In countries with a strong export orientation, however, firms are likely to have strong incentives-driven by the need to stay competitive-to exploit the knowledge flows associated with imported machinery. Import substitution was based on the premise that, with temporary protection, domestic producers would have the incentive to tap into and internalize internationally available knowledge. The extent to which this actually occurred, however, is an empirical issue. Incentives in more protected "import-substituting" economies were likely to be weaker because of the relatively small size of domestic markets and the less demanding domestic users of that machinery (see Srinivasan and Bhagwati 1999 for a review of how incentives are blunted in an import substituting regime). Thus, although alternative explanations are possible, the results of our analysis are consistent with the proposition that import-substituting regimes create weaker incentives to invest in technological improvements that can help expand their export presence in international markets.
Plotting the change in the volume of exports against the change in the capital stock in the previous year, we find that in export-oriented developing economies an increase in exports is strongly associated with an increase in the stock of imported machinery (figure 1). A positive relation also exists between export growth and an increase in the stock of domestic machinery. A similar set of relationships is found for developed countries. In contrast, for import-substituting developing economies imported equipment and export growth are negatively related.
Our empirical analysis focuses on the price of exports rather than on their volume, specifying a link from imported machinery to reduced costs and prices, which in turn leads to greater exports. We analyze the relationship between machinery investment and export competitiveness using a model of imperfect competition in international markets, allowing for imperfect substitutability between domestically produced and imported machinery. We specify an export price function based on the demand for exports and the costs of producing the exported goods. We use a short-run cost function with variable labor and materials costs and fixed stocks of imported and domestically produced machinery. Larger stocks of capital are expected to lower short-run production costs and thus export prices. Higher productivity of imported machinery would be reflected in the greater cost reduction than can be achieved using domestic machinery.
We estimate the export price equation for developed countries, for developing economies, and, within the second group, for export-oriented and importsubstituting economies. For each group we use the fixed-effects procedure on panel data. But first we use the t-bar test recently developed by Im, Pesaran, and Shin (1996) to identify (in a panel data context) the presence of stochastic trends in export price and explanatory variables. We find that the variables do have stochastic trends (unit roots). Thus, because of the potential colinearity in the movement of variables of interest, we estimate the export price function in first differences.
In the empirical application, to allow for lagged effects, we distinguish between the effects due to the past year's new investment and those due to the stock of capital at the start of the previous year. For the entire sample period, 1967-90, the flow of new imported equipment in the previous year is seen to be associated with a decline in export prices in developed and export-oriented developing economies, but not in import-substituting developing economies. The results also show that the relation between imported equipment and export prices has evolved over time. Throughout the period, we find that domestic machinery is not a substitute for imported machinery.
I. A Model of Imperfect Competition in Export Markets
In setting up the model we are guided by the following intuition: the significance that some developing countries, especially the newly industrializing countries of East Asia, attached to investment in machinery was not accidental. Instead, it was dictated by the adoption of an export-oriented strategy and the resulting discipline of international competition. To maintain market presence, exporters had to reduce production costs continually or enter into the production of higherquality goods. Both strategies required substantial investment in new vintages of machinery and equipment. Initially, domestic machinery had lower productivity, so the scope for substituting domestic for imported machinery was small. Over time the more advanced developing countries progressed to the point where their technological capability to produce machinery could compete with imports from developed countries.
This intuition can be tested by estimating a cost function that includes machinery stock as an explanatory variable. However, data on production costs are difficult to obtain. For this reason we estimate an export price function based on both demand and cost function parameters. In a model of imperfect competition, manufacturers arrive at their export price given demand and cost conditions. Though demand depends on competitors' prices and on incomes in target markets, production costs depend on input prices, output levels, and other variables that shift the cost function, such as the stocks of imported and domestic machinery.
We assume that production for domestic and export markets are two independent decisions and focus on exports. 4 Firms produce export goods through a homothetic production function using two variable inputs, labor and materials (including fuel, electricity, and raw materials) and a quasi-fixed input, the capital stock. Firms are assumed to be price takers in input markets. Consequently, the short-run cost function can be separated into variable input prices on the one hand and the quasi-fixed input and output on the other.
We assume that each firm exports a differentiated product and chooses its export price to maximize its profit at a point in time, given the demand curve for its product and the cost of production. 5 When the second-order condition for maximizing profit is satisfied, it is possible to solve for the profit maximizing price, by inverting the first-order condition. The profit maximizing price is a function of all variables that enter the cost function-the wage rate (w), price of materials (p m ), and capital stock (K)-plus variables that shift the demand function, the competitors' average price (p c ) and world income (Y). The export price may also be a function of the exchange rate (e), as will be discussed.
(
The elasticities of the export price with respect to variable input prices, the prices of competing products, and the capital stock depend on the parameters of the cost and demand functions. When the second-order condition for maximizing profit is satisfied, a positive elasticity of the marginal cost with respect to input prices is sufficient to generate a positive elasticity of the export price with respect to input prices. In other words, the exporter will increase its price following an increase in input prices.
With the second-order condition satisfied, a decreasing marginal cost with an increasing machinery stock is both a necessary and a sufficient condition for the 4. For a similar assumption and empirical implementation see Feenstra (1989) . If the marginal costs of production for the domestic market and export markets are not flat, influences in one market will influence the other. Essentially, an omitted variable bias would arise where the omitted variables refer to demand influences in the domestic economy. If domestic demand were to shift exogenously, the marginal costs of production would change, leading to a change in prices charged in both the domestic and the international markets. We believe that these exogenous shifts would be reflected in the prices of domestic inputs (wages and materials costs). A bias may still remain, however, though the direction of it is unclear. If increased domestic activity leads to more investment but also higher marginal costs, a larger stock of private capital would be associated with higher export prices-the opposite of the relationship that we are hypothesizing.
5. Because the analysis is restricted to the cost-reducing effect of the technology embodied in existing machinery, the model is static and does not incorporate investment demand for domestic and imported machinery. Analytically it is not difficult to incorporate the demand for machinery through a dynamic model. However, because of a lack of data on production costs and the rental price of capital stock, it is not possible to estimate factor demand functions of the long-run model. price to be a decreasing function of the machinery stock. Consequently, if the estimated price elasticity with respect to the machinery stock is negative, it follows that the technology embodied in new machinery has a cost-reducing effect.
For the purpose of empirical estimation and following Mann (1986 Mann ( , 1989 , we simplify the demand function by substituting the world price (p w ) for the competitors' price (p c ) and world income (Y). The world price variable reflects the influence of the pricing decisions of all competitors and of changes in world income. Thus, using the reduced-form price equation, we analyze the elasticity of the export price with respect to the world price, two input prices, and the two kinds of machinery stock. 6 In the empirical analysis we assume that the export price decision is best summarized by the translog price function
where
is the investment flow for domestic capital goods, I m is the investment flow for imported capital goods, and K d and K m are the corresponding stocks. A variable with the subscript -1 is lagged one period; the subscript -2 implies a two-period lag. By considering the past year's investment and the stock prior to that, we are able to obtain some sense of the lags with which the effects operate. 7 Previous studies analyzing export price behavior under imperfect competition have noted that exchange rates often exercise an independent influence on the price of traded goods. In other words, even if all variables on both sides of the equation are measured in the same currency, exchange rate movements seem to have a significant effect on the price of exports (Feenstra 1989 , Ohno 1989 , Mann 1986 . By representing the input prices in local currency terms and including the exchange rate as a separate variable, we allow for the possibility that changes in exchange rates are not perfectly passed through to export prices. Our primary results remain unchanged if we instead measure the input prices in dollars and drop the exchange rate variable.
II. Empirical Specification and the Data
We estimate the export price equation for a cross-section of 14 developed countries and 25 developing economies. (For the definitions of variables and the data sources, see appendix table A-1; for the descriptive statistics, see appendix table A-2.) Because we derive the model based on profit maximizing assumptions for an individual firm, it would be best to use firm-or industry-level data to estimate 6. Local currency wages and the price of material inputs were obtained by dividing the corresponding variables denominated in U.S. dollars by the annual average exchange rate.
7. Of course, we are not decomposing the stock of capital in a strict sense, with this year's stock equal to new investment plus the previous stock. That simple identity does not carry forward when we take logs.
30
the world bank economic review, vol. 16, no. 1 the price function in equation (2). However, data constraints preclude that route. Though data on export prices, input prices, and investment can be found for some manufacturing subsectors in some countries, it is not possible to obtain data on domestic and imported components of investment by each industry. We are therefore forced to aggregate all manufactured exports from a country.
Aggregation can be justified by assuming either a representative firm (as in Feenstra 1989 , Ohno 1989 or a translog aggregate production technology for manufacturing exporters (Pindyck and Rotemberg 1983) . Aggregation presents its own problems, however. The higher the level of aggregation, the more difficult it becomes to obtain price indexes that reflect firm-level pricing decisions. An aggregate price measure incorporates changes in the composition of the commodity basket as well as in the market price of each commodity in the basket. Is this a problem for our proposed empirical analysis? No, because our focus is on cost reduction. To the extent that changes in the composition of exports from one year to the next are important, the cost-reduction effect will be blurred. Indeed, if products were moving up the quality ladder, we would expect to find no cost-reduction effect. Thus a finding of cost reduction despite that possibility provides somewhat greater confidence in our results.
Because our sample of developing economies represents substantially different development strategies, we divide the economies into two groups, exportoriented and import-substituting, based on the World Bank classification (World Bank 1986; see also Balasubramanyam, Salisu, and Sapsford 1996) . Between 1967-73 and 1973-85 no major shift occurred in the outward orientation of the developing economies in our sample (appendix table A-3). However, although the economies remained differentiated in their broad policy stance, their trade policy regimes did not remain fixed. The reduction in trade barriers continued apace, with several of the import-substituting economies adopting more exportoriented policies in the 1980s. Thus the differences in policy regimes narrowed.
Before estimating the export price function, we test for nonstationarity of the variables using the t-bar statistic proposed by Im, Pesaran, and Shin (1996) for heterogeneous panels. This is a well-known crucial first step in time-series models. When a time-series equation contains a nonstationary variable, the results based on this estimation will be spurious. Im, Pesaran, and Shin (1996) recently extended the stationarity tests to cross-section, time-series models.
The test procedure is simple. It extends the widely used augmented DickeyFuller (adf) test to a panel data framework and allows for heterogeneity across groups in the panel. First, the average adf unit root test statistic for the panel is obtained as the mean of individual adf unit root statistics. Next, the expected value and the standard error of the average adf test statistic under the null hypothesis of a unit root are obtained through Monte Carlo simulation. The t-bar statistic is calculated as the average adf test statistic minus its expected value divided by its standard error. Im, Pesaran, and Shin (1996) show that under the null hypothesis of a unit root, the t-bar statistic has a standard normal distribution for a sufficiently large number of countries, N, and number of periods, T, while 8. Alternatively, one could assume that individual effects occur randomly rather than being fixed. This implies that the individual effect is part of the random disturbance rather than the constant term specific to a country. However, this assumption is not justified here because we did not sample countries randomly.
9. The binding data constraint is imposed by the use of machinery investment data from the Penn World Tables, which end in 1990. (See Heston and √N/T goes to zero. Using the Monte Carlo method, they show that the t-bar test has more power than adf tests applied separately to each individual in the panel.
Based on the results of the Im-Pesaran-Shin test, we cannot reject the null hypothesis of a unit root for all variables of the price function for all country groups (appendix table A-4). Consequently, estimating the export price function in levels (equation [2] ) would generate spurious results. Next, we test for unit roots in the first-differenced variables and reject nonstationarity. This allows us to estimate the equation in first differences.
III. Empirical Results
We estimate the first-differenced export price equation using the fixed-effects procedure. This amounts to assuming that countries do differ in terms of the trend coefficient, which could be interpreted as disembodied technical change. 8 For all country groups in our analysis we estimate the translog parameters using the data for 1967-90 (table 2). The specification test for functional form indicates that the translog function provides a better approximation of the export price decision than does the Cobb-Douglas function.
However, the parameters of the translog function cannot be interpreted directly. Instead, one needs to derive the elasticity estimates of the export price function with respect to input prices, the exchange rate, and imported and domestic machinery using the underlying parameters of the translog function. These elasticities take the following form:
and a bar over a variable denotes its average value for the country group throughout the sample period.
The standard error of each elasticity is estimated using the δ method (for a more detailed treatment see Rao 1973, p. 388-90) . One can write the elasticities in the following matrix notation: E = Z Ψ , where Ψ is the 44 × 1 vector of translog function parameters and Z is an 8 × 44 matrix of zeros, ones, and the means of log variables, as given in equation (3). Using this matrix notation, we obtain the variance-covariance matrix of the elasticity matrix E, Σ E = ZΣ Ψ Z', where Σ Ψ is the variance-covariance matrix of the parameter estimates, excluding the intercept.
In the rest of the article the results focus on the elasticities. We present the results in two parts. First, we discuss the results for the full sample period, 1967-90, the period for which we have complete data for the variables of interest. 9 Next, to undertake a more detailed analysis of the data, we repeat the estimations of the translog function for subsample windows, dropping one observation from the beginning of the sample period each time.
Full Sample Period: 1967-90
World price elasticity is high when own-price elasticity of demand is high, when there are significant diseconomies of scale in production, or when both conditions exist. Indeed, world price elasticity approaches one as own-price elasticity approaches infinity, that is, when the demand curve for the country's products is infinitely elastic. As expected, the world price elasticity estimate is lowest for developed countries (0.36), which face the least elastic demand curve and where diseconomies of scale are likely to be weakest (table 3) . The test result supports the hypothesis that world price elasticity differs significantly from that for developed countries. World price elasticity for developing economies is 0.94, quite close to 1. World price elasticity for export-oriented economies is about the same as that for import-substituting economies and in both cases does not differ statistically from one. The lower wage and material price elasticities for developing economies are consistent with their price-taking role in the world market. A price-taking firm cannot increase its prices to fully reflect increases in unit costs. In contrast, for a firm with market power, which can influence the export price of its products, wage and material price elasticity would differ significantly from zero. Wage elasticity is highest for developed countries, at 0.24. Wage elasticity for developing economies is 0.02 and does not differ significantly from zero. This result is driven mainly by import-substituting developing economies. Though their wage elasticity is -0.07 and not significantly different from 0, wage elasticity for export-oriented economies is 0.11 and statistically significant. Mate- What is the evidence for a cost-reducing role for the stock of machinery? Elasticity estimates for the entire period show that imported machinery has a costreducing effect for developed countries and export-oriented developing economies. But this effect is significant for the imports of equipment in the past year, not for the stock of imported equipment at the start of the previous year. Thus the evidence suggests that the technology embodied in new imported equipment helps competitiveness and, moreover, acts relatively quickly. For export-oriented developing economies the coefficient on the lagged capital stock term is negative but statistically insignificant. This implies that the gains from new investment in imported capital goods are not reversed. For developed countries the coefficient on the lagged capital stock term is positive but never statistically different from zero, implying some persistence in the cost-reducing effects.
Do domestic and imported machinery substitute for each other? We use the nonnested Davidson and MacKinnon (1981) J-test to determine whether imported and domestically produced machinery are perfect or imperfect substitutes in terms of their cost-reducing effect (for a description of the test see also Greene 1997) . If they are imperfect substitutes, we need to consider their cost-reducing effects separately, and the price equation with imported and domestic machinery as separate right-hand-side variables (equation [2] ) is appropriate. However, if they are perfect substitutes, we need to include their sum, the total stock of machinery, as a right-hand-side variable. The usual nested test does not apply here because an alternative to the null hypotheses cannot be constructed by restricting the parameters implied by the null. Because of this property of the model, imperfect and perfect substitution are nonnested hypotheses.
The J-test is used in such situations, but because it is a two-way test its use may lead to inconclusive results. In the first stage (hypothesis test H2) imperfect substitution is the null hypothesis and perfect substitution is the alternative hypothesis. 10 The procedure works as follows. First we obtain the predicted export price under the assumption of perfect substitution (combining domestic and imported machinery to form one capital stock variable). Then we include this predicted export price as an additional variable in the export price estimation under the assumption of imperfect substitution. If the coefficient on the predicted export price variable differs significantly from zero, we can reject the hypothesis of imperfect substitution. The J-test amounts to testing whether the estimate of the dependent variable obtained under the alternative specification of perfect substitution has any explanatory power in the null specification of imperfect substitution for the export price function. If it does, we can reject the hypothesis of imperfect substitution. The p-values in tables 2 and 4-6 refer to the statistical the world bank economic review, vol. 16, no. 1 significance of the coefficient on the predicted price estimated from the alternative hypothesis.
Next we take perfect substitution as the null hypothesis and imperfect substitution as the alternative and again conduct the J-test (H3). If the test fails to reject the null hypothesis of perfect substitution, we can conclude that the two types of machinery are perfect substitutes. If instead the test rejects the null hypothesis of perfect substitution, we need to look at the result of the test in which imperfect substitution is the null hypothesis (H2). If the null hypothesis of imperfect substitution cannot be rejected, we can conclude that the two types of machinery are imperfect substitutes.
In this instance the J-test results are quite clear. The null hypothesis of perfect substitution is rejected, but the null hypothesis of imperfect substitution cannot be rejected even at very high levels of significance.
Subsample Windows
Considerable changes occurred in the market power and the technology absorption capacity of different countries in 1967-90. To help us study the evolution of elasticity estimates over this period, we use subsample windows regressions. We start with the full sample, 1967-90. Then we drop the observation for 1967 and estimate the model for the subsample 1968-90. Next we drop the observation for 1968 and estimate the model for 1969-90, and so on up to the subsample window 1979-90. In this fashion we obtain 13 different estimates of elasticity. As we move from the first window to the last (1979-90), we obtain a better fit for the regressions (the adjusted R 2 increases) for developed countries and for import-substituting developing economies, and the quality of the fit remains relatively unchanged for export-oriented developing economies. The J-test continues to strongly reject the null hypothesis of perfect substitution between imported and domestic machinery but not the null hypothesis of imperfect substitution.
For developed countries the cost-reducing effect of new investment in imported machinery declined quite rapidly, and although the sign continued to be negative in all but one period, by the early 1970s the effect had become statistically insignificant (table 4) . Soon thereafter, by the mid-1970s, the stock of domestic machinery had a cost-reducing effect. One could interpret this shift as implying that domestic capabilities matured by the early 1970s in developed countries and thus that the leading edge of the innovation process shifted from a reliance on external sources to a locus in domestic research and adaptation. This does not necessarily mean that domestic machinery embodied more sophisticated technologies than imported machinery. Instead, it suggests that domestic machinery came to play a more central role in a broader process of technological innovation, one that had persistent effects.
For export-oriented developing economies there was a similar pattern of evolution (table 5) . The cost reducing effect of new investment in imported machinery remained statistically significant throughout the period, though there is some sug- 
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Adjusted R gestion that the size of the effect declined in the 1980s. Also in the 1980s, with the development of domestic capabilities (not always in advanced research but typically in rapid reverse engineering and adaptation of technologies), investment in domestic capital began to play a greater part in technological advance. Finally, for import substituting economies the effect of imported equipment was negligible until the late 1970s (table 6). The inevitable opening of markets began to occur in these economies in the early 1980s, accompanied by domestic deregulation and thus greater competition from both domestic and foreign sources. During this period investment in imported goods began to have a greater cost-reducing effect. However, the results also suggest that the period of technological advance based on imported goods has not yet been followed by a shift to domestic sources of innovation.
IV. Conclusions
We have provided empirical evidence on the relationship between export competitiveness and the flows and stock of machinery, allowing for the possibility of imperfect substitution between domestically produced and imported machinery. Our results show that imported machinery has had an important costreducing effect in developed and export-oriented developing economies. This effect acted quickly and typically was not reversed. For developed countries the cost-reducing effect of imported capital goods faded by the early 1970s, presumably because the locus of innovation shifted increasingly to domestic sources. For export-oriented developing economies imports of capital goods continued to have an effect throughout the period, though the benefits from domestic innovation also became tangible in the early 1980s.
In contrast, in developing economies where import substitution had been the dominant trade strategy, exporters were unable or lacked the incentive to use imported machinery to improve their competitiveness until the late 1970s. Thereafter, as some of these economies became more open to international trade and less constrained by domestic regulation, imported capital goods began to play a greater role in innovation and thus to have a cost-reducing effect. Domestically produced machinery does not appear to have provided sustained aid to international competitiveness in such economies.
One interpretation of De Long and Summers (1991, 1992a, 1992b, 1993 ) is that because additions to the stock of machinery spur growth, government policies should support rapid increases in this stock. The authors themselves were cautious about drawing such a conclusion, however, and were more inclined to favor a liberal import regime. While rewarding entrepreneurial behavior, a liberal regime would also facilitate the inflow of imported equipment and thus foster growth.
Our results certainly support that view. But they also suggest a possibility for sequencing in innovative activities. Early innovation is most quickly achieved by importing technology. Domestic innovation capability can be built in parallel, however, ultimately becoming the principal locus of investment in innova- 
Adjusted R tion. In the wake of increasing labor costs, countries adopting an export-oriented strategy, especially the East Asian newly industrializing countries, relied heavily on machinery imports to acquire modern technology. Governments and private businesses supported the absorption and adaptation of imported technology through local R&D and engineering efforts. Over time these domestic efforts have become increasingly important. Further analysis along these lines would benefit from disaggregated time-series data on manufacturing subsectors. In particular, sectoral data on machinery investment and machinery prices would make it possible to endogenize the use of machinery.
Our results also point to the importance of trade as a vehicle for the transfer of knowledge, identifying capital goods as the conduit. Recently, however, Keller (2000) and Branstetter (2001) have argued that knowledge spillovers within a country are quantitatively more important than international knowledge transfer. Our results suggest that the relative importance of internal and external knowledge spillovers may change as the international environment changes and as domestic incentives and absorptive capacity evolve. Thus further exploration of the determinants of internal and external knowledge spillovers is also likely to be a fruitful avenue of research. Trade controls are either nonexistent or very low in the sense that any disincentives to export resulting from import barriers are more or less counterbalanced by export incentives. There is little or no use of direct controls and licensing arrangements, and the effective exchange rates for imports and exports are roughly equal.
Moderately Outward Oriented. Incentives favor production for domestic rather than export markets. But the average rate of effective protection for the home market is relatively low, and the range of effective protection rates relatively narrow. The use of direct controls and licensing arrangements is limited. The effective exchange rate is higher for imports, but only slightly.
Moderately Inward Oriented. Incentives clearly favor production for the domestic market. The average rate of effective protection for the home market is fairly high, and the range of effective protection rates relatively wide. Direct import controls are extensive. The exchange rate is somewhat overvalued.
Strongly Inward Oriented. Incentives strongly favor production for the domestic market. The average rate of effective protection for the home market is high and the range of effective protection rates wide. Direct controls and licensing disincentives for the traditional export sector are pervasive, positive incentives for nontraditional exports are few or nonexistent, and the exchange rate is substantially overvalued. 
